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* I- Acute Toxicity 

The hcute toxicity of astaxanthin was tested In mfce and rats after 

~a1 or intraperitoneal application. At the doses tested, astaxanthin 

$: VoducCd no lethality and no symptoms 07 tox'icity. 
7 
. 

. 

Acute toxicity: Mouse intraperl- 
taneally (tag/kg) 

,cute co%icity: Rat orally big/kg) 

24h 10 days 

LDkO OVIC 8000 over aooa 
LDIO aver 6000 ev*r 6000 
LDOQ OYOE a000 over BOO0 
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In anotirrrr trjal, the acute toxicity of astaxanthin in rats was 

detetmfned fibkl@wing admfnfstratQon;of 10 consecutive daily oral doses 

ranging froslE23 to 2000 mg/kg b-w. There was no mortaltty and no 
@ . 

symptoms of toxicity were reported. 

a) Ames Test 

Astaxanthin at concentrations ranging from 0.03 to 5.0 mgjplate did 

not induce mutat4ons in Sdhooella tyPhIWrfum tester strains TA 1535, 

TA 1537, TA 1538, TA 98; and TA 100 with or without activation by a rat 

lfver homogenate fraction. 

b) Mlcwnucleut Test 

Astaxanthin in the form of the 10X gelatin beadlet was admtnistered 

orally to mice at 30 hours and again at 6 hours prior to sacrifice. 

Dosage was 500, 1000, and ZOOC) mg/kg b.w. of the 10% gelatfn beadlets. 

No compound-related increase in micronuclei was observed. Astaxanthin 

at the doses tested induces netther chromosome breaks nor mitotic 

dfsjunctfon tn viva, w- 
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III. Teratology and Embryotoxicity Studies 

a) Rabb t ts 

dstaxanthjn was tested for embryotoxic and teratOgenic effects fn 

rabbfts in accordarm wi.th the guidelines established by the American 
. 

FDA and Eng'lish CiM. Oases of MO, 200 and 400 mgjkg/day were 

administered orally to pregnant animals from day 7 to 19 inclusive of '-+ 
gestation. A control group received the vehicle for the same treatment 

period. All females were sacrificed at day 30 of gestation. Fetuses 

were removed by ovariohysterectomy, tested for viability (24 hrs.] and 

examined for mztcroscopic, skeletal and visceral and soft tissue 

anomalies. 

The test compound was well tolerated by all females receiving 

treatment. Dur+ng the course of the study there were nefther overt 

sfgns of meternal sensitivity to the treatment nor signffisant changes 

in body weight development between the dams from the treated groups and 

those of the controls. In the low (100 mg/kg) and intermediate (200 

mg/kg) dose groups the measured reproductive and litter parameters plus, 

course and outcome of pregnancy were unaffected, wltfi all values 

comparing favorably to the concurrent controls, There was also no 

evfdence of drug-related malformations among the examined fetuses. At 

the highest dose of 400 mgJkg, the on'ly abnormal fInding among the 

vartous measured reproductive parameters wes a nominal Increase fn the 

inctdence of resorptfons (37.7%). However, this finding was not 

dose-related and falled to achfeve stattstical sfgniffcance, due mainly 
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to the high resorption rate of the concurrent controls of 32,6%, and 

therefore, is not considered to represent a compound-reJated effect. 

There also was no evidence of teratogenic activity at the highest dose 

of 400 mg/kg. 

Thus, it can be concluded that under the conditions of the present .- 
study, astaxanthin when administered or&Jiy ta pregnant rabbjts at doses 

of 100, 200 and 400 mglkgjday fs neither embryatoxic, teratogenic, nor 

bus any effect on the course and outcome of pregnancy. 

Rats b) 

Astaxanthin was tested for embryotoxic and teratogentc effects in 

rats in accordance with the guidelines of the American FDA and English 

CSM, Doses of 0, 250, 500 and 1000 mg astaxanthinjkgfday were 

administered orally as a feed admix in form of gelatin beadlets from day 

7 through 16 of gestation. No maternal death and no signs of maternal 

toxicity were noted in any of the dosage groups, with the exception of a 

dose dependent reduced weight gain durjng the treatment period. 

There was no Sndfcation of any embryotoxic ar teratogenic action of 

astaxanthin at any of the three dosage leve‘ls tested. The rearing 

experiment showed no fndication of functional abnormalities in any of 

the dosage group;. 

It can be concluded that under the cond4tions of this study, 

astdxanthin was nefther embryotox+c nor teratogenic in rats at doses up 

to 1000 mg/kg/day. 
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IV. RclB)d uctfve Performance Study in Rats 

Asmanthin was tested in accordance with the guidelines of the 

American.;irj0A and the English CSM for effects on fertiJfty and genera'l 
. 

reprodumue performance of the rat and on the in utero and postnatal -- 

developrllr of the Fl-offspring to time of wsanlng. The study inc'ludes -i 
the assvent of later development and of the reproductjve capability 

of selec+f FI-offspring retajned beyond weaning. 

Do-of 25, 100 or 400 mg/kg/day were administered by oral gavage 

to 32 me%rats/group, beginning 70 days prior to mating and continuing 

until sa qrice, and to 32 femaJes/group beginnjng 14 days prfor to 

mating aWkcontInuing through gestation until sacrifice or weanfng. 

Control rbmals (32/sex) received the vehicle (rape-oil, 2 mJ/kg) in a 

comparab'k- regtmen. 

Abovt;half of the mated females in each group were sacrificed on 

about gemtlon day 14, white the remaining femaJes were alJawed to 

litter. m-pups of setected litters were evaluated for developmental 

indices drrfng lactation. On lactation day 23, selected weanlfngs Here 

retained fw learning and memory testing or the assessment of their 

reproductiw capability. . 

The results of the study can be sumnarfted as follows: 

No substance-related mortal!ty in males or females was observed in 

any of the dosage groups. The body weight gafn of both P-males and 

P-femaJes in alt experimental groups matched that of concurrent 

contro'ls. 
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The percmtage of males which mated their pdrtners, as well as the 

ratfo of mated to pregnant females-and the median precoital time were 

comparable betveeo all groups. 

Up to 400 mg/kg, the highest dose tested, the reproductive 

parameters of females sacrificed betwee$gestation days 14 and 16 were 

within normal limits. 

In all experimental groups, the litter parameters such as the body 

weight gain of pups, the time of onset of developmental landmarks and 

the learning and memory ability matched that of the controls, 

The neonatal morthlity of the Ft-generation in the highest dosage 

group (400 mg/kg) was at the upper lfmit of the biological range 

(25.6%). However, there was no statistical significance for this 

findfng and no dose-relatfonship was evident. Therefore a substance- 

related impairment of pup viabflfty was considered to be very unlikely. 

In all dosage groups, the macroscopfc and soft tissue examinatim 

of pups found dead durfng Tactation showed tsolated findfngs which were 

not considered to be substance-related. These 'included hematoma in the 

lung, empty stomach, and dilated renal pelvis and ureter. The gross 

examfnation of weaniings for malforfW3OhS, as well as for liver and 

kfdney wetghts, ytelded normal ffndfngs. One neonate in the low-dose 

group (25 mg/kg) exhIbited unilateral anaphthalmfa, This tsolatecf 

anumaly was not considered to be substance+elated, 
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The reproductive capability of FI-animals was not adversely 

affected in any of the experimenta? 'groups. The number of F2-pups whfch 

died or were cannibalized between lactation days 1 and 4 was unusually . 
high in all groups, controls included, and, therefore, was consfdered to 

have resulted from other than substance-r!lated tnfluences, 

cWLUSION 

It can be concluded from the results of thfs study that the 

no-effect-Tevel of astaxanthin given by oral gavage to male and female 

rats during gametogenesis, mating, gestation and lactation was 400 

mg/kg/day, the highest dose tested In thfs study. 

. . 
v. 13~Uwk Tolerance Study in Rats 

Astaxanthin fn the form of gelatfn beadlets was added to the feed 

of rats at concentrations of 6,25X, 12.5%, and 25X of beadlets. This 

corresponds approximately to an fntake of 310, 620, and 1240 mg of 

astaxanthinlkg b.w./day, at the start of the study. Through the use of 

placebo beadlets, all groups, Sncludlng the controls, received the same 

amount of beadlets Jn their feed. The concentrations of astaxanthin In 

the feed were kept constant durfng the whole study. Faod wastage and 

avofdance of astaxanthfn containing beadlets were minimal, 

No astaxnnthSn related mortalfty occurred, body weights of dosed 

and control animals were sjmilar. 

Faeces of astnxanthtn-fed animals were'colored reddish. Yellow 

pigmentation of adfpose tissue was observed at autopsy, 
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Focal to extenstve alopecia with some tendency for reversal was 

observed in all groups. 

There were no ophthalmoscopic ffndfngs related to the feeding of 

astaxanthin. Decreased organ wefghts -ln experimental groups were 

recorded for kidney (males, except at 6._25%), ovary (except at 6,25X), 

uterus, adrenals (females) and spleen {males and females). Histology of 

these organs was simtlar to the controls. 

The hematology and blood chemistry parameters were wtthin or close 

to the normal range, with the exceptfan of decreased total serum 

proteins levels (week 13: males in 12.53 and 25% groups), and liver 

enzyme activities of several animals , which were sporadfcally increased, 

most probably as a result of parasfte or Nasema fnfestation. Ql asma 

cholesterol was elevated fn all treated groups, but values were still 

wfthin nonnpl limits. Slight elevation of protein in urine (up to ZOO 

mg/lOO mT) was randomly found for animals of all groups with'a number of 

cuses in the 25% male group on week 13. 

It can be concluded that the adm)nistratton of astaxanMn at the 

above mentioned cancentratIons had been we71 tolerated and that no 

apparent taxicity, attributable to astaxanthin ww observed. 

VI. L3-Meek Tolerance Study in Oogs 

Astaxanthfn in the form of gelatin beadlets contajning 6.1% w/w of 

astaxanthin was administered for a period of 3 months to 3 groups of six 

dogs each (3 males f 3 females], at cancentratfons of 2.5X, 5% and 10% 
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w/w of bemts by means of feed adsnfx. Av@tVge astaxanthjn fntake for 

the 13-wea&qeriod was 41, 76, and 162 mg/kg b,w./day for the 2.53, 5%, 

and 10% gm, respectfvelY8 

Sfx a@%tional dogs were kept as controls and received a feed admix 

containfng:@acebo beadlets. 4 

The trt' compound was well tolerated for the entire period of 3 

months and- not cause any adverse effects or show any evidence of a 

systemic tOajcity with regard to the general state of health, the body 

weight devemment, the behavior of the dogs, the hemato7ogical and 

clinical cClica1 parameters, the ophthalmoscopy, and the autopsy and 

hfstologlclrfl~rppearance of the organs. 


